(12) INTERNATIONAL APPLICATION PUBLISHED 



UNDER THE PATENT COOPERAnON TREATY 




PCT 



(19) World Intellectual P«.perty Oi^anlation 

International Bureau 

(43) International Publication Date 
28 March 2002 (28.03.2002) 

(51) 1-ten.atlonaIPateotClassification- H0IL2I/66 (81) 

(21) l»ten.atioaalAppncatiod Number: PCT/ILO 1/00884 

(22) Interaational Filing Date: 

20 September 2001 (20.09.2001) 

(25) Filing Language: 



(26) Publication Language: 

(30) Priority Data: 
138552 



English 
English 



(PCX) 



iHwitmiinnnini,, 



19 September 2000 (19.09.2000) IL 

MeIo^^^ '^"S'^'^dS.a^s excep, US): NOVA 
MEASURING INSTRUMENTS LTD. flUa,- X^fe 
^ mann Scence PaA. RO.B. 266. 76100 JiJo^^^'"' 

^= (72) laven tors; and 



patent (AT. BE, CH. CV, bn. DK kY^b'^^'^S' 
CG. CI. CM. OA. ON. GQ. GW. ML. MR, NE, SN, TO. 

Published: 



^ (54) TOe: LATERAL SHIFT 



MEASUREMENTUSING AN OPTICAL TECHNIQUE 



10 



PHOTORESIST 



ALUMINUM 




wo 02/25723 



PCT/ILOl/00884 

-I- 

TECHWQUE 



MELD OF THE INVENTION 

This invention is generally in fte fieW «f 

- as se..^^ " ^""^ 

^BACKGROUND OF THE INVENTION 

Integrated circuits are multi-Iaww of« ^ 

laye. have to be precisely aligned ^ each otrTch 

called "overlay measuremenf ' m. by the so- 

ra. above teW^ i.^^,^'"''°"""^'««*W«<ion). 
lessthanlnn.. '^^'-*^o--ith the resolutionVf 
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A diir™, .ji^ . ^ ^ ^ 

SUMMARY OF THE INVENTION 

Si or incidence) or ellipsometiy (measuring both chanae „f „ , • . 

oased on ihe detection of the so-caOerl "Wi«Vo^* 

uicbu-cauea oiimction signature" of t«/n 
on top of the other. two gratings one 

analyzed to detennine an a]imin,«,f 

alignment enor. The patterned structures are Inr,f^ 
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According to different embodiments of the invention, the foHowing methods are 
used: a so-caUed "direct method", a method based on reference sites, and a method 
based on simple calibration. TTie direct method is based on the initial calculations of 
a diffcaction signature using certain well-defmed models. TTie reference sites 
smethod is based on the comparison between difi&action signatures measured in 
different sub-regions of the site. The simple calibration based method utilizes 
certam reference data previously obtained by any suitable tool to be indicative of 
vanous dil&action signatures corresponding to respective lateral shifts These 
Afferent methods require differs sites prepared on the layers of a multi-layer 
10 sample. 

The term "site" used herein signifies a location in a multi-layer sample that 
includes two r^ons one on top of the other. Such a site may be a test site located • 
outside the features amtauiing area if a sanple. 

If layers' shift along more than one axis in the sample plane is to be detemiined. the 
I5test site (generaUy. grating containing site) indudes two main r^ons one 
containing a grating structure aligned along the of the sample and the other 
along the Y-axis of the sample. Each r^ may contain several diffiaent sub- 
r^gions havmg different nominal shifts between the gratiiigs. The term "ru>minal" 
signifies a shift of the masks used for layer manufecturmg. assuming perfect masks 
20 production and zero alignment enror. 

Another embodiment of the test structme may contain a two-dimensional grating 
enabling the measurement of the X and the Y components of the lateral shift at the 
same site. In order to avoid the possibiUty to confiise between the X and the Y 
componenls several methods may be used: (a) Produce a test site whose period in 
25the Y-axis is significantly different than die period in the X-axis (b) measure the 
same site several times using different polarizations (in case of polarized 
reflectometry) (c) measure the same site from different directions. All the above 
methods result in different changes to the diffiaction signatures due to shifts in 
different directions, flius avoidirig confiisioa 
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BRIEF DESCRIPTION OF THE DRAWINGS 

lnordertounderstandtheinventio.andtoseehowitn.ybec^^^ 

e^bcdi^ent will now .e descn^^ ^ .ay of r.r.Ur^ ^I^' 

is a scheme i„.^,on of a c.ss-s«.on of a site in a se^conductor 
^JA^ - - p.e,i. of a ^ , 

%s. 4^5 iUustratediffeimsunulation results nfth^c.. • 
g^tmg par^nete.; and '""''"^ " 

%.7in^tes«,eefiectofanoverlay«„,rc«ascatteron.e^signal(^^^^ 
effiaency)asn.easuredonlheoptimalstracture. ^l^tion 

i5DETAILEDDESCRIPTIONOFTHEINVENnON 

RefeiringtoFig.l,thereisscheniaticalIyilIustniteHao.«» 

"^*^y"^«strated a cross-section ofa test site 10 



wo 02/25723 

PCT/ILOi/00884 

-5- 

In order to find the conditions under which the method of th. . • 

used as well. scatterometry, etc. may be 

which wiU be desrr.T,«^ "^^^^ofme present invention, 

PR off. rr. «f«» 

■»l«»8 off fcm a» Al I, i, to eridem Ito measmn,™, • 
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•^U. flnd sud. a of ^ T^.^^ ^ 

= CD,^3atenCD,..150DB,H„^00™,andH„.10(tan 

»»*o*. „ RCWT (Ki^o™ couple Wave U^,, ^ Jt 

^fon^b3.»gjo.s24a..Mlcoa«,,«on^.ffteotot,a^l,^^ 
«f«»pa.of,„^,o.:AM.B..».c,<:.a„,B..^^l^ 

G., and a*.,egi„n A. 1»3 no gn«i„g a, ^ ^ 
--<^G„a«,G..of^^„„B,andB,,^,^.^^^ 

^ ^ Cc an. Go. a„ ^ ^ „ ^ 

mm^m^>n^ and C,^,, T,^ 

«d «». *e ^ , ^ - 

3..e^w.na.^e*,a„«^,^^ . 
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scatterometry. m the second step the measui^menls of the dual-g«ting sites are 
fitted to simulation using all or part of the grating parameter, that have been 
measured in Step 1 and fitting for the shift between the gratings. It should be noted 
that at least those gratings which are located in a common layer must be at. 

sidentrcal, i.e.. have the same period, duty cycle, and height 

•Notice that for the case of perfect aligmnent the measurments of sites B and C 

should be identical, thus asignificant difference between the two measmemert 
mdrcate an aligmnent error.llie difference between the two signals obtained &>m 
^.b-regionpair. and Q-Q. respectively, maybe utilized in order to increase 
lothe sensitivity and reduce systematic measurement errors. Tbis can be done by 
fittu« the difference of simulated signages to the differ^ce of the measurements 
mtbetwosites. This procedure may be used in order to filter out ch^ges in the 
si^^lhatare^rtrelatedtolheshift^. thus enhancing the sensitivity and the 



I5ln another embodiment ofthe invention, tte reference site method 3 
Jlustrates the main principles underlying this method. Here, a test site 30. .^chis 

formedby two regions oneabovetheotherinlayersL,andL.. is composed ofaso- 
called "measurement site" 32 and a so^ed «^ference site" 34 spacec^apart fiom 
each other along the X-axis. Gratings in these sites are not specifically illustrated. 
20 but is should be understood that both the measmement and ^ reference sites 
include sub-region pairs arranged as described above. In this method, the 
measurement site 32 has one grating-pair characterized by a nominal shift (-I-AX) 
between the gratings, and fbe reference site 34 has several grating-pairs located in 
sub-regron pairs, respectively, aligned in a spaced-apart relationship along the X- 
25axrs and characterized by the following nominal shifts: -AX-3Ax, -AX.2Ax,-AX 
^ -AX.-AX+AX.-AX+2AX.-AX+3AX. ...etc.. Ax is typically much smaller than 
and rs of the same order of magnitude as the required resolution in the lateral 
ah^ measurement, m this method, it is as^ed that the grating profile are 
sufficrently sjonmc^ic and una^ by the exact shift, and therefore symmetric 
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shife between the gratings (upper grating shifted to either right or left of the lower 
grating) wiU result in the identical diffiaction signatures. 
When the two layexs ar. printed with an alignment en-or (+4), the actual shifts 
between the gratings of the measurement site will be: (+AX+^ and for the 
5 reference sites the shifts will be as follows: 

(-AX-3Ax+^; (-AX-2AX+4); (-AX-Ax.^); (-aX^^; (.^^2Ax+£); 
etc* 

m order to measur. the alignment error 4. the diffiaction signatures Scorn all the 
sub.«groa pairs are measured using one of Ihe above mentioned measurement 
lotechniques. Tien, the signature fiom the measurement site is comp^ed to the 

signatures fixnn afl the sulvregion pain, in the reference site Jooldng for 
match. If the best match is found for the (fN)'* sub-x^on pair, for which the 
nominal shift is(-AX+NAx), than we have: 
(+AXr+4)«-C-AXi+NAx+9 
15 and therefore: 
^«(-NAx)/2 

Hence, the shift widi the resolution of Ax/2 can be fomrdby simply findi^g the best 

matching signature fix)m the set. 

If a significant range of shifts is to be covered by a smaU number of sub-region 
20pans m the reference site. Ax should be selected to be significantly larger than the 
xequued resolutioa In this case, some interpolation method can be used in order to 
aKi the shift with improved accuracy. Mterpolation can be done, for example by 
calculating the RMS (reot mean square) of the difference between tire measurement 
«te signature and all reference site signatures, fitting aU or part of the re^ts to a 
25potynomial function of the shift and finding tire shift providing minimum RMS 
difference in signatures. Another optional interpolation method is using a learning 
sy^ which is trained usirrg the reference site data to return tire shift, and 
measur^nentsit^dataisusedasinputforinterpretation. Comparing the reference 
site meflrod to tire direct meflrod. tire reference site meflrod is advantageously self- 

30cahhrating,i.e..ti.ereisnoneedtorealizetirepotentiaUycomplexdetails^^^^ 
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the difi&action signature was created, including materials properties and exact 
geomeby (e.g. CD, line profile), as long as these are constant for all involved sites. 
The reference site method, however, requires a larger area on the sample occupied 
by a test site and a laiger number of measurements, requiring more time. 
5 In yet anollier embodiment of the invention, a calibration method may be used. In 
this method, a test site similar to the test site 20 of Figs. 2A and 2B (suitable to be 
used for direct method) but including only two grating-containing sub-region pairs 
B,-B2 and C-C^ is used. Here, similarly to the direct method, the difference 
between the diffiaction signatures measured on both sub-region paii^ is detennined, 
1 0 but, in distinction to the direct method, the resulting signature is not fitted to a 
flieoretical signature, but is rather interpreted usmg a previously perfonned 
cahTMation stege. lii ihe caUbration stage, the signature (or only some sensitive 
points thereof) is detennined as a function of aligmnent enor values, being 
measured by a suitable reference tool (e.g., ordinaiy microscope). To this end, a test 
15 sample (e.g., semiconductor wafer) is spedficaUy prepared with several aligmnent 
shifts, and measured off-line to make a reccad of the caUbration results and keep it 
as reference data. 

In accordance with still another embodiment of the test structure may contain a 
twoKlimensional grating enabling the measuiBment of the X and the Y components 
20 of the lateral shift at the same site. In that case, in order to avoid the possibiKty to 
confiBe between the X and the Y components fiirther several methods may be used, 
hi accordance with one embodiment, test site is prepared, comprising two 
dimension grating with a period in the Y-axis significanfly different than the period 
in the X-axis, hi accordance with another embodunent polarized reflectometty 
25 technique may be used to measure the same site several times with different 
polarizations. Finally, the same site may be measured fiom different directions (with 
different orientation). All the above methods result in different changes to the 
difSaction signatures due to shifts in different directions, thus avoiding confiision. 
Reference is now made to Figs. 4-6 showmg different simulation results of the 
30sensitivity test as fimctions of grating paiametera. Fig. 4 illustrates the sensitivity 
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ta.„n Of A, ^ ^ ^ ^ ^ 

^ 8.^ «1 1,2 a,e «™,„„*^ ^ ^ 

zero) and to a sample With a 5nm overlay eiror 
« W ^oy^dito^ ^^^^ 

arbitraiy nominal shifts. 

*scope,.sdefiiKd.handbyll,eappen<fedd«ims. 



wo 02/25723 



PCT/IIOl/00884 



-11- 



CLAIMS: 

1. A method for confrolling layen, alignment in a multi-layer sample, the 
method comprising the steps of: 

(0 providing a measurement site including two regions located one above 

5the other in t«,o different layers, respectively, said regions containing patterned 
structures of a certain knownperiodicity; 
(u) illuminating said site with electromagnetic radiation and detecting a 
(Miction efficiency of radiation diffiacled fiom the patterned structures indicative 
of alateral shift between the patterned stractures. 

mi analyzing said diffiaction efficiency to detennine an existing lateral shift 
between the layers. 

2. The "method of claim 1, wherein said pattern stractures characterized by 
substantially the same periodicity, 

3. The method of daim 2. further comprising fte step of providing at least 
i5one additional site including two regions located one above the ofl«r in two 

different layers, respectively, respectively, said regions containing patterned 
structures; iUuminating said additional site with electromagnetic radiation and 
detecting diffiaction efficiency of radiation diffiacted fiom the patterned stiuctirres 
and analyzing the diffiaction efficiencies obtained in said sites to determine an 
20 easting lateral shift between die layers. 

4. The method of claim 3, wherein the pattern structures located in two 
different layers of the measurement site are shifted with respect to each other along 
the X^axis by a distance +AX and die pattern stiuctures located in two different 
layers of the additional site are shifted witir respect to each other along the X-axis 

25 by a distance -AX. 

5. The method of claim 4 further comprising the step of providing additional 
sites mcludingregions containing pattern stiuctures in one of the layers. 

6- The method of claim 3 wherein the pattern structiues located in two 
different layers of the measurement site are shifted with respect to each other along 
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the X-axis by a distance .AX and the pattern structux« located in two different 

aye. of the additional sites are sMfted with respect to eadi other dongtheX-^ 
byadistance-AXiNAx. wherein AX -AXandNisanintegernumber 

7. ^e-ethodofclaimlwhereinsaiddetectingadiffi^onefficiencyof 
^-^on diffiacted fro. ^e patt^ed s^ctu:. indicative of a lat«al L 

b^e«.1hepattemedstxuctu:esconrprisingn.easuringsaiddiffi^ 
a function of wavelength. 

■oZT". ^ P*^ Of . L 

a fimctiffli of angle of incidaice. 

^ iflhc*. ft„ *e ^ ^ ^ 

iSaRmctooofaogleofrefleclMiL 
^=.0. ^ ^ ^ ^ ^ 

aSMiMofai^IeofiKiteaiidangleofKflection. 

^» P..^.d s^c.^ ^. ^ 

measurement site. 

13. Hie n^ethod of claim 1 wh«ein the step of illuminating said site ^th 
el^t„,magnetic radiation comprising illuminating with polarized light with 
differentsfates of polarization 
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14. The method of claim 1 wherein said patterned stmctures are two- 
dimeBsioual. 

15. The method of claim 14 wherein period of said two^ensional 
patterned sUuctures is different along the X-axis and Y-axis. 

516. The me&od of claim 14 wherein the step of illuminating said site with 
electromagnetic radiation comprising iUuminating with polarized light with 
different states of polarizatioa 

17. Themethodofclaimlwhereinsaidmulti-layersampleissemiconductois 
wafer. 

10 
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